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ABSTRACT 


Mercaptans  have  a  dual  role  in  the  emulsion  copolymerization 
of  butadiene  and  styrene  during  the  formation  of  various  types  of 
synthetic  rubber.  They  act  as  promoters  and  also  as  chain- transfer 
agents  or  modifiers  in  the  polymerization  reaction,  which  is  carried 
out  in  a  soap-water  emulsion.  Prior  to  entering  the  reaction,  the 
mercaptan  must  move  from  the  emulsified  organic  phase,  across  a  water 
boundary,  to  the  locus  of  reaction  in  a  soap  micelle.  One  of  the 
factors  expected  to  govern  the  rate  of  migration  would  be  its  dif¬ 
fusion  coefficient. 

In  this  research,  the  diffusion  coefficients  of  mercaptans 
have  been  measured  from  diffusion  currents  observed  at  the  dropping 
mercury  electrode  and  from  concentrations  determined  by  amperometric 
titration.  The  polarographic  method  was  used  in  measuring  the  diffusion 
currents.  The  results  obtained  in  cm.^  sec. "3-  x  10"5  are  as  follows: 
hydrogen  sulfide,  0.94?  n- ethyl,  0.82$  n-propyl,  0.42;  n-butyl,  0.39; 
tert -butyl,  0.34?  n-hexyl,  0.26;  n-octyl,  0.23;  sec-octyl,  0.20; 
n-decyl,  0.20;  n-dodecyl,  0.17;  sec-dodecyl,  0.14;  n-tetradeeyl,  0.15 
n-hexadecyl,  0.13;  n-octadecyl,  0.12,  An  investigation  was  also 
carried  out  to  study  the  effects  of  pH  variation  on  the  diffusion 
coefficient  of  hydrogen  sulfide.  It  has  been  observed  that  the 
diffusion  coefficient  values  increased  as  the  pH  values  were  decreased. 
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INTRODUCTION 


Mercaptans,  organic  compounds  containing  the  sulfhydryl 
group,  are  important  for  the  making  of  synthetic  rubber. 

G.R.S.  (Government  Rubber,  Styrene)  the  most  important  of 
the  synthetic  rubbers,  is  made  by  emulsion  copolymerization  of  buta¬ 
diene  and  styrene.  In  general,  an  emulsion  copolymerization  system 
consists  of  five  main  ingredients, 

(1)  60J5  -  water 

(2)  35%  -  monomers,  which  are  organic  substances  containing 
conjugated  double  bonds  known  as  dienes,  e.g.  butadiene,  styrene,  etc. 

(3)  2%  -  emulsifying  agent  such  as  soap  in  G.R.S. 

(4)  about  activating  agent  such  as  potassium  persulfate 

(5)  about  modifier  or  chain  transfer  agent  which  usually 

is  a  mercaptan. 

This  mixture  Is  placed  in  a  vessel  strong  enough  to  with¬ 
stand  the  pressure  of  butadiene  and  to  maintain  the  butadiene  in  the 
liquid  state.  The  mixture  is  agitated  to  keep  it  in  the  emulsified 
form.  In  ten  to  twelve  hours  most  of  the  monomers  have  reacted  to 
form  polymers . 

It  has  been  found  (7)  that  the  presence  of  small  amounts 
of  relatively  high  molecular  weight  mercaptans,  greatly  promotes  the 
emulsion  conolymerization  reaction  of  butadiene  and  styrene,  using 
soap  as  the  emulsifier  and  potassium  persulfate  as  the  catalyst.  In 
the  absence  of  the  mercaptan,  the  rate  of  copolymerization  at  50°G  is 
extremely  small.  In  the  presence  of  aliphatic  mercaptans  the  rate 
of  reaction  Is  practically  independent  of  the  persulfate  concentration 
within  a  wide  range  of  concentrations  and  within  wide  limits,  it  is 

also  independent  of  the  amount  of  mercaptan  added  to  the  recipe. 


X"‘x.  C.:  ;  7; '  I’.:  i"  .Iff  : 

.  .  .  -  I  7  ■ 

. 

‘t  tii,- 777: n  7711  ( -■  a-;.  t  i'1' E  . .  1'tyi  . -.r-r .* 3 / nr -.t ■■ " > ■ 


;  '  7:  'it:  ..  1,77  ■  ;,o  : 

.  ■ 

v ;  ;c  Has  £71777X77-017  1 

‘ 

.  • 

'  v  1 ' 0 .  ■  .  f  7 "  "i  ’>  '**  7 

■  '  .  • 

;  .  7-  .  •  7  :  '  '.7  '  ■  ■'.7  -  ■  Ji;77.i  fi7> 

.  ,  .  ■ 

rr-  "'7.  ■ ;  7  7  ■. .  *»:. 

■  )  7’f  'i‘;y '  :  7  1  : 

II;:  ir.r  ooi  b-  717-7  7777:  rr.  ; 

7.7  7  7  -yvy  ■  '  r 

. 

• 

:.7  v  :  7  7'-li:  .  .  f  7  if  ,  ..l i ; ■  -i. 

7I'  1 :  lyroif  iilir-  77 1  ,ii7.: 

’ 

\i-  1  il--:  7.77  f>;  .  ■ ■ 

■  1  , 

ul  le:  oil'  1  nil r770.cibfi.Gi' 

,  ' 

3'7r;70i'i7v  blirr:  'V.  oifTiioi: 

■.  : 7:7'  7.  }  mil  ■  r  il 

Of i  r  L-- .  o;  ,:rv  v  f.  in: Tf  ,  ;ii  7 

’w  ) 

77X7  7  7  7'.  77',',-  7;  by:...  0:7l.b 

■ 

7;  '  C  '  '  '  '  '  '' 


71  b:  ;  71  7*  ; rcro7 

,  : 

. 

7  bill 77 r. rr  7 r  ’•  7  !  I\0..:7 

t  7- 

7.j  .  1  • 

' 


Mercaptans  as  promoters  in  this  type  of  recipe  are  extensively  used 
in  industrial  practice. 

In  addition  to  being  an  activator,  the  main  function  of 
the  mercaptan  in  the  copolymerization  reaction  is  the  regulation  of 
molecular  weight  of  the  polymer  formed  (8).  Thus  the  mercaptan  also 
acts  as  a  modifier  in  the  copolymerization  reaction.  The  mechanism 
of  the  action  of  mercaptans  is  that  of  transfer  of  chain  activity 
symbolized  by  the  following  equations: 

Bjq*  +  RSH  -*■  BmH  +  RS*  (a) 

RS*  +  M  RSM*  (b) 

where  Bm*  represents  the  activated  growing  polymer  molecule,  RSH 
represents  a  mercaptan  molecule,  BjqH  represents  a  completed  polymer 
molecule,  and  RS*  the  free  radical  from  the  mercaptan  which,  with  a 
monomer  molecule  M,  initiates  the  growth  of  a  new  polymer  molecule. 

Before  the  mercaptan  is  able  to  act  as  a  chain  transfer 
agent,  it  is  essential  that  it  be  in  the  locus  of  reaction,  W.D. 
Harkins  (2)  has  shown  that  at  the  start  of  the  polymerization,  the 
soap  micelles  are  the  locus  of  reaction.  Therefore,  prior  to  the 
chain-transfer  reaction,  the  mercaptan,  which  is  initially  in  solution 
in  the  monomers,  must  migrate  from  an  oil  droplet,  across  a  water 
phase,  to  the  locus  of  reaction  In  a  soap  micelle  or  polymer  particle. 

Factors  expected  to  govern  this  rate  of  migration  are  (a) 
the  diffusion  coefficient  of  the  mercaptan ;  and  (b)  the  solubility 
of  the  mercaptan  in  the  water  phase.  Experimental  work  on  (b)  has 
been  carried  out  (l) .  The  present  work  deals  with  the  measurement 
of  diffusion  coefficients  of  various  primary  aliphatic  mercaptans, 
mainly  those  members  containing  an  even  number  of  carbon  atoms. 
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METHODS  OF  DETERMINING  DIFFUSION  COSFFIC IBNTS 


Several  methods  are  used  in  determining  or  predicting  the 
diffusion  coefficients  of  various  substances  in  dilute  solutions. 


A.  Stokes-Sin stein  Method 

The  Stokes-Einstein  equation  for  the  diffusion  coefficient 
of  large  spheres  diffusing  through  a  medium  of  small  particles  gives 
good  results  for  collodial  particles  (10).  The  equation  is 


D  =  BT  ~  1  (c) 

N  6  sr/T^r 

where  D  is  the  diffusion  coefficient  or  diffusivity,  cm.2/sec. 

R  is  the  gas  constant 
T  is  the  absolute  temperature  in  °K 
N  is  Avogadro*s  number 

^  is  the  viscosity  of  solution  in  centipoises 
r  is  the  radius  of  colloidal  particles  in  cm. 


B.  Conductometric  Methods 

(1)  H.3.  Harned  and  R.L.  Nut tall  (3)  have  determined  the  diffusion 

coefficients  of  various  substances  in  dilute  aqueous  solutions  by  the 
conductometric  method.  In  this  report  the  diffusion  coefficient  was 
computed  from  the  equation 


D 


=  a2  1 


TZ~ 


(d) 


where  a  is  the  depth  of  the  conductance  cell  in  cm. 

is  the  slope  of  the  graph  obtained  by  plotting  the  ln(Kg-E?p) 

against  t 

Kg  and  Kj>  are  the  conductances  measured  at  the  bottom  and  top 
of  the  diffusion  cell  and  corrected  for  cell  constant  ratios, 
t  is  the  time  interval  in  hours. 
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(2)  L.  Meites  (12)  has  reported  that  diffusion  coefficients  have 
been  calculated  from  the  Nernst  equation.  This  equation  for  uniunivalent 
electrolyte  is 


where  U  is  the  equivalent  ionic  conductance  of  cation  at  infinite 
dilution  in  cm.^  per  ohm  equivalent 

V  is  the  equivalent  ionic  conductance  of  anion  at  infinite  dilution 
in  cm. 2  per  ohm  equivalent. 

R.  Haskell  (6)  has  published  the  Nernst  equation  for  the  general  case 

d  =  _nL.fi  +  il™  (f) 

U  +  V[u  v) 

where  u  is  the  valence  of  the  cation 
v  is  the  valence  of  the  anion. 

C.  Surface  Tension  Lowering  Method 

R.S.  Olson  and  J.S.  Watson  (13)  proposed  a  method  using 
surface  tension  measurements  for  the  estimation  of  diffusion  coeffi¬ 
cients  of  organic  liquids  in  water  solutions. 

In  very  dilute  solutions  the  surface  tension  varies  linearly 
with  concentration  (11) .  The  surface  tension  lowering  of  an  organic 
liquid  in  water  solutions  at  a  low  concentration  is  the  product  of 
the  slope  of  surface  tension  lowering-concentration  curve  and  the 
concentration.  When  the  concentration  is  kept  constant,  the  surface 
tension  lowering  will  be  a  function  of  the  slope  of  the  surface  tension 
lowering- concentration  curve.  When  diffusion  coefficients,  as  obtained 
from  literature,  are  plotted  against  the  slope  of  the  surface  tension 
lowering- concentration  curves,  at  low  concentrations,  a  family  of 
curves  is  obtained  for  variations  in  the  surface  tension  lowering  of 
pure  organic  liquids. 
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Langmuirs  equation  (11) 


E  =  Ec  +  62 5n  (g) 

has  been  used  to  calculate  the  difference  in  potential  energy  that 
exists  between  the  surface  layer  and  the  main  body  of  the  solution 
in  equilibrium.  In  this  equation  E  is  the  potential  energy  for  any 
compound,  Eo  is  the  constant  for  the  initial  compound  in  a  series  and 
is  expressed  in  calories  per  gram  per  mole,  and  n  is  the  number  of 
carbon  atoms  in  the  molecular  formula  minus  one.  Langmuir *s  final 
equation  for  calculating  E  is 

E  =  1318  log(l  +  0.0695  (h) 


where  C&  is  the  concentration  of  the  solute  in  moles  per  liter, 

aY  is  the  lowering  of  surface  tension  in  dynes  per  cm.,  and  is 

°A 

the  slope  of  the  surface  tension  lowering-concentration  curve  at  low 
concentrations.  The  slope  can  now  be  calculated  by  means  of  equation 
(h)  where  the  value  of  E  is  determined  from  equation  (g)  with  the 
aid  of  available  literature  for  values  of  Eo.  With  4Y thus  determined, 

.  CA 

or  obtained  from  actual  data  and  X  at  20° C  for  pure  liquids  readily 
available  in  the  literature,  the  diffusion  coefficient  at  lf>°G  can  be 
estimated  from  the  family  of  curves  obtained  from  plotting  known 
diffusion  coefficients  against  the  slope  of  the  surface  tension  lowering 
concentration  curves  at  low  concentrations. 


D .  Polarographic  Method 

The  polarographic  method  for  determining  diffusion  coefficients 
is  based  on  the  interpretation  of  the  current-voltage  curves  that  are 
obtained  when  solutions  of  electro-oxidizable  or  electro-reducible 
substances  are  electrolyzed  in  a  cell  in  which  one  electrode  is  the 
dropping  mercury  electrode  (10).  The  curve  obtained  by  plotting  the 
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potential  applied  to  the  electrolytic  cell  against  the  resulting 
current  is  known  as  a  current-voltage  curve.  A  typical  current-voltage 
curve  obtained  with  the  dropping  mercury  electrode  is  shown  in  Figure  1. 
In  this  figure  the  applied  potential  is  plotted  on  the  abscissa,  and 
the  corresponding  current  on  the  ordinate.  Only  an  exceedingly  small 
current,  "residual  current",  flows  through  the  cell  until  the  decom¬ 
position  potential  is  reached.  ?fhen  the  decomposition  potential  is 
exceeded  continuous  electrolysis  begins.  The  current  does  not  increase 
indefinitely  with  increasing  applied  potential  after  the  decomposition 
potential  is  exceeded,  but  gradually  approaches  a  limiting  value  and 
finally  becomes  essentially  constant  and  independent  of  further  Increase 
in  the  applied  potential.  Under  optimum  conditions  and  with  all  other 
factors  constant,  the  limiting  current  minus  the  residual  current  is 
directly  proportional  to  the  concentration  of  the  electro-oxidizable 
or  electro-reducible  substance. 

The  oxidizable  or  reducible  Ions  reach  the  surface  of  the 
dropping  electrode  under  the  Influence  of  two  more  or  less  independent 
forces:  a  diffusive  force,  proportional  to  the  concentration  gradient 
at  the  electrode  surface,  and  an  electrical  force,  proportional  to 
the  potential  gradient  at  the  electrode.  When  an  excess  of  supporting 
electrolyte  is  present  In  the  solution,  the  effect  of  the  electrical 
force  Is  no  longer  operative  and  the  limiting  current  is  practically 
entirely  the  diffusion  current. 

The  decomposition  potential  depends  on  the  particular  electro- 
oxidizable  or  electro-reducible  substance  present  in  solution.  The 
half-wave  potential  is  defined  as  the  potential  of  the  dropping  mercury 
electrode  against  an  external  reference  electrode  at  that  point  of 
a  current- voltage  curve  where  the  current  is  equal  to  one-half  of  its 


■ 

■ 

• 

'  r  f  '  ■■  ■  r. 

. 

t  '  '■ 

•:  --  /r,  ;  ; v ■  ' 


'  ■ 

, 


£  - 

limiting  value.  In  contrast  to  the  decomposition  potential  which 
depends  on  the  concentration  of  the  oxidizable  or  reducible  substance, 
the  half  wave  potential  is,  in  general,  independent  of  the  concentration 
of  the  oxidizable  or  reducible  substance.  The  residual  current  is  due 
to  a  capacity  or  charging  current  plus  a  small  faradaic  current  resulting 
from  traces  of  impurities  in  ordinary  distilled  water,  e.g.  traces  of 
copper. 
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A  -  Residual  current  obtained  when  no  reducible  substance 
is  present  in  solution. 

B  -Limiting  current  obtained  when  reducible  substance  is 
present  in  solution. 

The  Ilkovic  equation,  the  theoretical  equation  for  the 
diffusion  current  obtained  with  a  dropping  mercury  electrode  is 
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id  =  605nD"2‘  Cm2/3  t1/6  (i) 

where  is  the  average  current  in  microamperes  during  the  life  of  a 
mercury  drop 

n  is  the  number  of  faradays  of  electricity  required  per  mole 
of  the  electrode  reaction 

D  is  the  diffusion  coefficient  of  the  reducible  or  oxidizable 
substance  in  the  units  cm.^  sec."t 

C  is  its  concentration  in  millimoles  per  liter 
m  is  the  rate  of  flow  of  mercury  from  the  dropping  electrode 
capillary  expressed  in  the  units  mg.  sec.~l 
t  is  the  drop  time  in  sec. 

The  value  of  D,  the  diffusion  coefficient  of  the  oxidizable 
or  reducible  substances  from  equation  (i)  will  be 
D 


Choice  of  Method 

The  properties  of  mercaptan s  restricted  the  choice  of  exper¬ 
imental  methods  of  determining  coefficients  to  the  polarographic  one. 
Since  mercaptans  are  practically  non- electrolytes,  the  methods  based 
on  conductance  measurements  cannot  be  used.  The  limited  solubility  of 
the  mercaptans  in  water  excluded  the  use  of  the  surface-tension  lowering- 
concentration  method.  The  method  involving  the  use  of  the  Stokes- 
Sinstein  equation  is  applicable  principally  to  colloidal  particles. 

The  polarographic  method  can  be  applied  to  either  electrolytes  or 
non- electrolytes  in  very  dilute  solutions. 

Some  work  had  been  carried  out  (5)  in  which  the  diffusion 
coefficient  of  various  mercaptans  were  measured  by  the  polarographic 
method.  The  results  that  were  obtained  are  shown  in  Table  I. 
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TABLE  I 


DIFFUSION  COEFFICIENTS  OF  MERCAPTANS  IN  70:30  ETHANOL-WATER  MIXTURES 
CONTAINING  0.1N  ACETIC  ACID,  0.05N  SODIUM  ACETATE.  Temperature  25°C  ±  0.1° 

Mercaptan  D  (cm. 2  sec.~l)  x  10^ 


n -Butyl 

n-Hexyl 

n -Octyl 

n-Decyl 

n-Dodecyl 

n-Tetradecyl 

n-Hexadecyl 

n-Octadecyl 


0.74 

0.66 

0.54 

0.53 

0.53 

0.52 

0.44 

0.35 


EXPERIMENTAL 


A.  Apparatus 

The  general  features  of  the  polarographic  apparatus  used 
to  measure  the  diffusion  coefficients  are  shown  in  Figure  2 .  Figure  5 
shows  a  detailed  schematic  drawing  of  the  polarographic  apparatus. 

"A1*  is  the  polarographic  cell  containing  the  solution  to 
be  analyzed,  immersed  in  the  water  thermostat  MBU . 

f,G?l  is  the  agar-nitrate  bridge  which  connects  the  various 
half  cells  T,Hn  whose  fixed  potentials  were  measured  against  a  saturated 
calomel  electrode,  (S.C.E.).  With  these  half  cells  one  can  provide 
a  series  of  predetermined  potentials  at  the  dropping  mercury  electrode. 

HIrt  is  the  selector  switch  which  connects  the  half  cells 
in  turn  to  a  common  lead. 

"I*’  is  a  sensitive  electronic  microammeter  manufactured  by 
the  W.S.  MacDonald  Company,  Cambridge,  Mass.  Model,  Type  100. 

n K*1  is  the  mercury  reservoir. 

Figure  3  illustrates  the  polarographic  cell  in  detail. 

HCB  is  the  three  hole  rubber  stopper. 

r,Dn  is  the  dropping  mercury  electrode  which  consists  of  a 
very  fine  bore  capillary  tubing,  called  marine  barometer  tubing. 

is  the  bent  capillary  tube  with  the  collecting  cup 
which  collects  the  mercury  coming  from  the  dropping  mercury  electrode. 

nF11  is  the  salt  bridge  electrode  which  is  joined  to  the 
agar-nitrate  bridge  nGrt . 

Figure  4  illustrates  the  general  features  of  the  ampero- 
metric  titration  apparatus  used  in  determining  the  concentration  of 
the  mercaptan.  Figure  6  shows  the  detailed  schematic  drawing  of  the 
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amperometric  titration  apparatus. 


!,A,!  is  the  salt  bridge  consisting  of  a  sintered  nitrate 
bridge  joined  to  the  agar-nitrate  bridge  “D**  which  is  connected  to 
the  saturated  calomel  reference  electrode  nEH . 

MBn  is  the  rotating  platinum  indicator  electrode, 
is  the  10  ml.  burette. 

"F11  is  the  motor  rotating  the  platinum  electrode  f,BM 
"G*1  is  the  electronic  microammeter. 
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Figure  2. 

Polarographic  Apparatus 


Figure  3. 


Polarographic  Cell  in  detail. 


Figure  4. 

Amperometric  Titration  Apparatus 


B.  Materials 


Normal  ethyl,  propyl,  butyl  and  hexyl  mercaptans  were  obtained 
from  the  Eastman  Kodak  Company.  Normal  octyl,  octadecyl,  and  secondary 
octyl  were  obtained  from  the  Connecticut  Hard  Rubber  Company.  Normal 
decyl  and  tetradecyl  mercaptans  were  obtained  from  the  United  States 
Rubber  Company.  Normal  dodecyl,  hexadecyl,  and  secondary  dodecyl 
mercaptans  were  obtained  from  the  University  of  Illinois.  Tertiary 
butyl  mercaptan  was  obtained  from  the  Phillips  Petroleum  Company. 

Other  chemicals  were  of  reagent  quality. 
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C .  Methods 


The  value  for  D  in  equation  (j)  can  be  written  in  the  following 

form 

°  =(  Km2/3tl/6  }]  (k) 

where  K  is  a  constant  which  includes  n,  and  the  factor  605. 

From  previous  experiments  (4)  n  was  found  to  be  1.  In 
equation  (k)  the  diffusion  coefficient  can  be  calculated  if  the 
remaining  factors,  i.e.  m2/^  G  and  i^  are  known.  The  methods 

by  which  these  factors  were  determined  are  outlined  below. 

(a)  Determination  of  Capillary  Constant  (m^/^tV^) 

The  factor,  known  as  the  capillary  constant  is 

dependent  upon  the  characteristics  of  the  capillary  used  in  the 
dropping  mercury  electrode.  The  capillary  constant  is  determined  by 
measuring  the  rate  of  flow  of  mercury  in  mg.  per  sec.  and  the  drop 
time  in  seconds.  The  drop  time  was  adjusted  to  between  three  and 
four  seconds  by  regulating  the  height  of  the  mercury  reservoir. 

The  capillary  constant  was  determined  a  number  of  times  and 
the  average  taken.  If  the  individual  determinations  showed  large 
deviations  from  the  average,  the  capillary  was  cleaned  by  allowing 
the  mercury  to  drop  in  dilute  nitric  acid  and  then  allowing  it  to 
drop  in  distilled  water. 

The  capillary  constant  was  frequently  checked  by  measurement 
of  the  drop  time  at  the  conclusion  of  each  polaro graphic  current- 
voltage  reading.  If  a  variation  greater  than  l/lOth  of  a  second 
was  observed,  a  new  capillary  constant  was  determined  for  the  new 
drop  time. 


. 


. . 

.  X'f' 

« 


i":  r  ->o"  'f  :  r 

. 


. 

,  ■  ;  ' 


. 


, 


(b)  Determination  of  Diffusion  Current  (id) . 


Previous  experimental  work  (4)  on  the  polarographic  behaviour 
of  aliphatic  mercaptans  had  shown  that  the  diffusion  current  of  the 
mercaptan  is' proportional  to  its  concentration  for  all  mercaptans 
studied  when  in  very  dilute  solutions.  In  concentrated  solutions  of 
high  molecular  weight  mercaptans,  the  diffusion  current  was  independent 
of  the  concentration  and  for  low  molecular  weight  mercaptans,  the 
diffusion  current  was  proportional  to  concentration  when  the  diffusion 
current  was  measured  at  the  more  positive  potentials. 

This  work  had  shown  that  the  half  wave  potential  was  dependent 
upon  the  pH  of  the  solution  and  that  the  half  wave  potential  shifted 
to  increasingly  more  negative  potentials  with  increasing  pH.  For 
this  reason  the  solution  was  buffered  with  a  mixture  of  acetic  acid 
and  sodium  acetate. 

The  three  hole  stopper,  C,  in  figure  3  page  13,  containing 
the  bent  capillary  tube  with  the  collecting  cup  and  the  sintered 
bridge  electrode  was  fitted  on  top  of  the  cell.  The  collecting  cup 
prevented  the  mercaptide  on  the  mercury  drops  from  coming  in  contact 
with  the  bulk  of  solution  and  thus  minimized  the  dissolution  of 
mercaptide  formed  as  shown  by  the  following  equation, 

2  Hg°  +  2  RSH  2  Hg2(SR)2  +  2  H+  +  2  e  (1) 

This  reversibility  was  proposed  and  investigated  by  W.E. 

Harris  and  E.H.  Mottus  (5)  to  explain  the  increase  in  height  of  the 
current -vo It age  curve  of  mercaptans  above  the  residual  current  curve 
at  the  more  negative  potentials. 

Since  the  reduction  of  oxygen  interferes  with  the  measurement 
of  current-voltage  curves  of  the  mercaptan,  it  was  necessary  to  remove 
the  oxygen  from  the  cell  solution.  This  was  done  by  bubbling  oxygen- 
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free  nitrogen  through  the  solution  for  thirty  minutes.  At  the  end 
of  the  thirty  minutes,  the  nitrogen  gas  was  switched  to  a  tube  leading 
to  the  top  of  the  cell.  This  maintained  an  atmosphere  of  nitrogen 
above  the  cell  solution,  thus  preventing  any  oxygen  in  the  air  from 
being  absorbed  during  the  measurement  of  the  current  voltages. 

The  observed  currents  were  plotted  against  the  applied 
potentials  to  show  the  oxidation  wave  from  which  a  limiting  current 
reading  could  be  obtained.  This  limiting  current  reading,  as  has 
been  shown,  is  not  the  diffusion  current  since  it  also  includes  the 
residual  current.  This  residual  current,  in  addition  to  usual  charging 
current  also  included  the  small  reduction  current  due  to  traces  of 
oxygen  which  are  especially  difficult  to  remove  from  alcohol  solutions. 

The  residual  current  was  determined  in  a  separate  experiment 
by  obtaining  the  current-voltage  curve  of  the  solvent  and  buffer 
without  the  added  mercaptan,  and  subtracted  from  the  limiting  current 
values  to  give  diffusion  currents. 

(c)  Determination  of  the  Concentration  of  Mercaptan  (C) 

The  concentration  of  mercaptan  was  determined  by  amperometric 
titration.  This  involves  titrating  the  mercaptan  solution  against  a 
standard  silver  nitrate  using  a  rotating  platinum  electrode  and  a 
depolarized  reference  electrode. 

In  amperometric  titrations,  the  current  which  passes  through 
the  titration  cell  between  the  indicator  electrode  and  an  appropriate 
depolarized  reference  electrode  of  suitable  potential  is  measured  as 
a  function  of  the  volume  of  a  suitable  titrating  solution.  The  end 
point  is  taken  as  the  point  of  intersection  of  the  current  volume 
lines  before  and  after  the  end  point. 
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The  depolarized  reference  electrode  used  was  a  saturated 
calomel  electrode  at  whose  potential  the  silver  ions  are  reducible 
at  a  platinum  electrode. 

The  reaction  occurring  during  titration  is  symbolized  by 
the  following  equation 

Ag+  +  RSH  -►  AgSR  +  H+  (m) 

In  the  calculation  of  the  concentration  (C)  of  the  mercaptan, 
the  amount  oxidized  by  the  reaction  during  electrolysis  at  the  dropping 
mercury  electrode  is  negligible.  That  this  is  true  is  shown  by  the 
following  calculation  using  the  equation 

n  =  ^  (n) 

M  x  96, 500 


where  n  is  the  number  of  Faradays  per  mole  of  mercaptan  oxidized 
M  is  the  number  of  moles 
I  is  the  current  in  amperes 
t  is  the  time  in  seconds. 

In  a  typical  case  the  observed  current  would  be  about  0.5 
microamperes  or  5  x  10"'  amperes.  The  average  electrolysis  time 
would  be  about  30  minutes  or  1,800  seconds.  As  n  was  found  to  be 
1  by  previous  experiments  the  value  of  M  would  be 


m  =  — EL 

96, 500 


(o) 


which  by  substitution  with  the  values  of  I  and  t  would  give  M  a  value 
of  9.0  x  10”9  moles.  This  amount  is  small  compared  to  the  amount  used. 
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D.  Procedure 


The  procedure  for  obtaining  the  diffusion  currents  of  various 
concentrations  of  a  number  of  mercaptans  is  described  below. 

Tv^enty-five  ml.  of  the  solution  of  the  particular  mercaptan, 
dissolved  in  a  70:30  solution  by  volume  of  ethanol  and  water  was 
pipetted  into  the  polarographic  cell.  To  this  mercaptan  solution, 

10  ml.  of  buffer  solution  consisting  of  70:30  alcohol-water  solvent 
containing  0.1  N  acetic  acid  and  0.05  N  sodium  acetate  was  added.  The 
dropping  mercury  electrode  and  the  bridge  electrode  were  immersed  and 
oxygen-free  nitrogen  gas  was  allowed  to  bubble  through  the  cell 
solution  for  thirty  minutes.  During  the  bubbling  with  nitrogen  gas, 
the  water  bath  was  brought  to  a  temperature  of  25°C  t  0.1°,  and  this 
temperature  was  kept  constant  during  the  current- volt age  readings. 

At  the  end  of  thirty  minutes  the  nitrogen  gas  was  changed 
from  the  tube  leading  to  the  bottom  of  the  polarographic  cell  to  the 
tube  leading  to  the  top  of  the  cell.  The  dropping  mercury  electrode 
was  put  into  the  cell  and  the  copper  wires  from  the  dropping  electrode 
and  selector  switch  were  connected  to  the  microammeter.  The  current 
was  read  at  the  various  potentials  and  the  drop  time  was  checked. 

The  electrodes  ?/e re  removed  from  solution  and  the  collected  mercury 
in  the  bent  capillary  tube  was  poured  into  a  small  beaker  along  with 
the  portion  of  the  cell  solution,  retained  in  the  bent  capillary  tube 
by  the  globule  of  mercury.  The  volume  of  this  small  amount  of  cell 
solution  was  later  measured. 

The  cell  containing  the  solution  was  then  taken  out  of  the 
water  thermostat  and  the  contents  poured  into  a  large  beaker  containing 
1  ml.  of  0.1  N  sulfuric  acid.  The  sulfuric  acid  acts  as  an  indifferent 
electrolyte  and  reduces  the  resistance  of  the  solution.  About  25  ml. 


of  ethanol  was  used  to  wash  the  cell  and  the  wash  portions  were  added 
to  the  solution  in  the  beaker.  The  beaker  was  then  placed  in  the 
proper  position  in  the  amperometric  titration  apparatus.  The  motor 
was  switched  on  and  the  copper  wires  from  the  two  electrodes  were 
connected  to  the  microammeter.  Silver  nitrate  was  run  from  a  10  ml. 
burette  into  the  solution.  When  the  silver  ions  were  present  in 
excess  the  current  began  to  flow.  Additional  amounts  of  silver  nitrate, 
in  about  ■§■  ml.  portions  were  added  and  the  current  was  measured  after 
each  addition.  The  volume  of  silver  nitrate  used  was  noted  for  each 
current  reading.  Enough  silver  nitrate  was  added  to  produce  a  final 
reading  of  about  7  to  10  microamperes. 

The  current  readings  obtained  during  amperometric  titration 
were  plotted  against  the  volume  of  silver  nitrate  used.  The  inter¬ 
section  of  the  current  volume  lines  was  taken  as  the  end  point. 

The  mercaptan  concentration  was  calculated  according  to  the 
following  equation 

x  M]_  =  V2  x  M2  (p) 

where  is  the  volume  of  silver  nitrate  in  ml. 

is  the  molarity  of  silver  nitrate  in  moles  per  liter 
V2  is  the  volume  of  mercaptan  solution  transferred  from  the 
polarographic  cell. 

M2  is  the  concentration  of  mercaptan  solution  in  moles  per 

liter. 

Substituting  the  values  of  i^  and  G  as  explained  above  and 
the  capillary  constant  m2/3tl/6,  in  equation  (k)  the  diffusion  coeffi¬ 
cient  of  the  particular  mercaptan  was  calculated.  The  diffusion 
coefficients  were  determined  for  each  mercaptan  over  a  range  of 
cone entrations . 
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In  the  calculation  of  the  concentration  of  the  mercaptan, 
a  correction  was  applied  for  the  amount  of  cell  solution  that  was 
retained  in  the  bent  capillary  tube  in  the  polarographic  cell.  As 
this  amount  was  not  present  during  the  titration  of  the  mercaptan, 
it  had  to  be  subtracted  from  the  original  volume  used. 

Since  a  few  of  the  lower  weight  mercaptans  are  extremely 
volatile,  their  concentrations  were  determined  by  back  titration. 

In  these  cases,  a  measured  amount,  in  excess,  of  0,001  N  silver  nitrate 
was  added  to  the  polarographic  cell  solution  immediately  after  the 
current  voltage  readings  were  obtained.  This  mixture  was  transferred 
to  the  beaker  and  titrated  amperometrically  with  0.001  N  potassium 
iodide.  The  amount  of  silver  nitrate  reacted  with  mercaptan  was 
obtained  by  subtracting  the  excess  silver  nitrate  from  the  total 
amount  added.  The  back  titration  procedure  was  used  for  hydrogen 
sulfide,  n-ethyl  and  n-propyl,  and  tert-butjdL  mercaptans. 


EXPERIMENTAL  RESULTS 


Figure  7  shows  a  typical  current  voltage  curve  obtained 
with  a  dropping  mercury  electrode  for  n-hexyl  and  n-dodecy.1  mercaptans 
along  with  the  residual  current  curve. 

Table  II  shows  the  diffusion  coefficient  data  obtained  with 
the  dropping  mercury  electrode  for  hydrogen  sulfide  over  a  range  of 
concentrations  and  at  various  pH  values.  The  mean  deviation  of  the 
diffusion  coefficient  values  along  the  average  deviation  from  the 
mean  is  shown  in  column  4  in  Table  II.  The  pH  values  in  the  first 
column  of  Table  II  viere  calculated  for  sulfuric  acid  and  sodium  hydroxide 
on  the  basis  of  complete  dissociation.  The  pH  values  of  the  buffer 
solutions  were  calculated  from  the  dissociation  constants  for  the 
particular  acids  used  in  the  buffer  solution.  It  was  assumed  that  the 
pH  values  of  the  alcohol-water  mixtures  would  be  nearly  the  same  as 
those  calculated  for  water  as  solvent.  The  plus  or  minus  figures 
(e.g.  ±  0.6)  in  column  4  in  Table  II  and  column  5  in  Table  III  are 
the  average  deviation  of  the  mean. 

TABLE  II 


DIFFUSION  COEFFICIENTS  OF  HYDROGEN  SULFIDE  IN  70:30  ETHANOL-WATER 
MIXTURES  CONTAINING  VARIOUS  BUFFERS.  Temperature  25°  C  ±  0.1®. 

m2/3tl/6  =2.57  mg ./sec. 


pH  Concentration 

Calculated  Millimolar 

Diffusion  Current 
at  0.000  potential 
vs.  S.C.E.  Microamps 

Diffusion  Coeffici; 
cm.-/ sec ,  x  105 

1.0  (0.1  N  Sulfuric  Acid) 

0.1840 

-0.950 

1.089 

0.0661 

-0.510 

2.402 

0.0541 

-0.250 

Average 

1.4  ±  0.6 

0.6 
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Table  II  (continued) 


pH  Concentration 

Calculated  Millimolar 

Diffusion  Current  Diffusion  Coefficient 

at  0.000  potential  cm.2/sec.  x  105 

vs.  S.C.E.  Microamps 

4.44  (0.1  N  Acetic  Acid  :  0.05 

N  Sodium  Acetate) 

0.1568 

-0.780 

1.020 

0.1794 

-0.799 

0.818 

0.1228 

-0.580 

0.918 

0.4809 

-0.243* 

1.050 

0.2081 

-0.980 

0.916 

0.1269 

-0.567 

0.824 

0.1592 

-0.800 

1.040 

0.1476 

-0.710 

0.956 

Average 

0.94  1  0.07 

6.8  (0.02  N  Sodium  Dihydrogen  Phosphate  i 

0.02  N  Potassium  Monohydrogen  Phosphate) 

0.2165 

-0.590 

0.324 

0.3477 

-1.19 

0,484 

Average 

0.40  ±  0.08 

11.1  (0.02  N  Sodium  Bicarbonate 

;  0.02  N  Sodium  Carbonate) 

0.2108 

-0.630 

0.361 

0.2348 

-0.665 

0.324 

0.6919 

-1.70 

0.253 

0.7507 

-2.06 

0.324 

0.5939 

-1.30 

0.196 

0.1527 

-0.505 

0.441 

Average 

0.32  t  0,06 

13.0  (0.1  N  Sodium  Hydroxide) 

0.7107 

-2.08 

0.324 

0.2042 

-0,500 

0.225 

Average 

0.28  ±  0.05 

Table  III  shows  the  diffusion  coefficient  data 

obtained  with 

dropping  mercury  electrode  for  1 

various  mercaptans  over  a 

range  of 

concentrations 
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TABLE  III 


DIFFUSION  COEFFICIENTS 
CONTAINING  O.IN  ACETIC 

Mercaptan  mV3tV^ 
mg/ sec 

OF  MERC  APT  ANS  IN  70:30  ETHANOL-WATER  MIXTURES 

ACID  AND  0.05N  SODIUM  ACETATE.  Temp.  25.0°C  ±  0.1® 

Concentration  Diffusion  Current  Diffusion  Coefficient 
Millimolar  at  0.000  potential  cm.^/sec.  x  105 

vs.  S.C.E.  Microamps 

n- ethyl 

2.571 

0.1564 

-0.890 

1.332 

0.0534 

-0.230 

0.762 

0.1366 

-0.620 

0.847 

0.0957 

— 0 .440 

0.870 

0.1356 

-0.742 

1.230 

0.0494 

-0.180 

0.610 

•  0.1151 

-0.540 

0.906 

Average 

0.82  ± 

0.19 

n-propyl 

2.578 

0.0728 

-0.205 

0.326 

0.0361 

-0.110 

0.381 

0.1808 

-0.620 

0.483 

0.1108 

-0.360 

0.434 

0.1114 

-0.370 

0.453 

0.0664 

-0.175 

0.285 

o . 0444 

-0.155 

0.501 

0.0762 

-0.215 

0.326 

0.0573 

-0.190 

0.452 

Average 

0.42  t 

0.07 

n-butyl  (a) 

2.500 

0.2659 

-0.760 

0.350 

0.1981 

-0.590 

0.384. 

0.2349 

-0.720 

0.408 

0.1146 

-0.340 

0.361 

0.1989 

-0.600 

0.396 

0.1541 

-0.480 

0 .440 

0.1322 

-0.395 

0.388 

0.1639 

-0.510 

0.420 

Average 

0.39  * 

0.02 

n-butyl  (b) 

2.488 

0.0605 

-0.183 

0.400 

0.0976 

-0.278 

0.372 

0.0439 

-0.128 

0.373 

0.2273 

-0,703 

0.420 

•Average 

0.39  ± 

0.02 

n-hexyl  (a) 

2.488 

0.4131 

-0.915 

0.213 

0.1878 

-0.466 

0.269 

0.1272 

-0.310 

0.259 

0.1456 

-0.322 

0.213 

0.0404 

-0.098 

0.272 

0.2438 

-0.665 

0.313 

• 

0.2136 

-0.537 

0.276 

Average 

0.26  * 

0.03 
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Table  III  (continued) 


Mercaptan 


m  2/3tl/6 

Concentration  Diffusion  Current  Diffusion  Coefficient 
mg/sec  Millimolar  at  0.000  potential  cm. 2/sec.  x  105 

_ _ _ _ _ vs.  S.C.S.  Microamps  _ 


n-hexyl  (b)  2.488 


n-octyl  2.488 


n-decyl  2.488 


n-dodecjtL  2.488 


n-tetradecyl  2.488 


n-hexadecyl  2.488 


0.0896 

-0.211 

0.263 

0.1377 

-0.343 

0.272 

0.0399 

-0.100 

0.276 

0.1772 

-0.423 

0.250 

Average 

0.26  ± 

0.0843 

-0.194 

0.234 

0.1274 

-0.305 

0.240 

0.2048 

-0.473 

0.236 

0.0898 

-0.201 

0.225 

0.1331 

-0.295 

0.202 

Average 

0.23  ± 

0.0968 

-0.198 

0.182 

0.1538 

-0.323 

0.193 

0.0385 

-0.091 

0.218 

0.0923 

-0.192 

0.190 

0.1296 

-0.288 

0.216 

Average 

0.20  t 

0.1002 

-0.198 

0.172 

0.0755 

-0.137 

0.145 

0.1216 

-0.248 

0.182 

0.1125 

-0.213 

0.156 

0.2278 

-0.483 

0.198 

0.0978 

-0.187 

0.159 

Average 

0.17  ± 

0.0623 

-0.108 

0.132 

0.1254 

-0.238 

0.159 

0.1387 

-0.263 

0.159 

0.0991 

-0.173 

0.135 

0.1438 

-0.261 

0.145 

Average 

0.15  ± 

0.0972 

-0.163 

0.123 

0.0880 

-0.133 

0.100 

0.1444 

-0.245 

0.128 

0.1545 

-0.280 

0.145 

0.0950 

-0.136 

0.093 

0.1802 

-0.337 

0.154 

0.1494 

-0.283 

0.158 

Average 

0.13  ± 

0.02 
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Table  III  (continued) 


Mercaptan  m2/3tV6  Concentration  Diffusion  Current  Diffusion  Coefficient 
mg/sec  Millimolar  at  0.000  potential  cm.2/sec.  x  105 

_ _ _  _ _ _ _  vs.  S.C.E.  Microamps  _ _ _ J 


n-octadecyl  2.488 


sec-octyl  2.488 


sec-dodecyl  2.488 


tert-butyl  2.488 


0.1528 

-0.242 

0.111 

0.1327 

-0.223 

0.123 

0.1678 

-0.313 

0.151 

0.0606 

-0.088 

0.091 

0.1265 

-0.203 

0.112 

0.1762 

-0.320 

0.1/, 4 

Average 

0.12 

0.1302 

-0.274 

0.196 

0.0736 

-0.158 

0.203 

0.1116 

-0.238 

0.199 

0.0796 

-0.158 

0.174 

0.1656 

-0.357 

0.205 

Average 

0.20 

0.1240 

-0.223 

0.142 

0.1043 

-0.181 

0.132 

0.1312 

-0.223 

0.127 

0.1231 

-0.208 

0.125 

0.1472 

-0.268 

0.146 

0.0977 

-0.179 

0.146 

Average 

0.14 

0.0637 

-0.178 

0.342 

0.0950 

-0.287 

0.384 

0.1197 

-0.313 

0.256 

0.0876 

-0.258 

0.380 

0.1620 

-0.463 

0.353 

Average 

0.34 

The  hydrogen  sulfide,  n- ethyl,  n-propyl,  n-butyl(a)  and 
n-hexyl(a),  cell  solutions  in  Table  III,  consisted  of  the  mercaptan  in 
70:30  ethanol-water  mixture  by  weight  and  the  buffer  of  0.1N  acetic 
acid  and  0.05N  sodium  acetate  in  water.  The  n-butyl(b),  n-hexyl(b), 
n-octyl,  sec-octyl,  n-decyl,  n-dodeeyl,  sec-dodecyl,  n-tetradecyl, 
n-cctadecyl,  tert-butyl  cell  solutions  in  Table  III  contained  a  70:30 
ethanol-water  mixture  by  weight.  Since  it  was  found  that  the  diffusion 
coefficient  values  of  n-butyl  and  n-hexyl  mercaptan  were  similar  for 
the  two  slightly  different  solvents,  it  was  assumed  that  the  diffusion 
coefficient  values  of  hydrogen  sulfide,  n-ethyl  and  n-propyl  mercaptan 
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would  also  be  similar  for  both  cell  solutions. 

The  large  average  deviations  shown  in  Table  III  for  ethyl 
mercaptan  and  in  Table  II  for  hydrogen  sulfide  were  probably  due  to 
the  difficulties  encountered  in  determining  the  concentration  due  to 


the  high  vapor  pressure  of  the  mercaptan. 

Table  IV  summarized  the  diffusion  data  given  in  Table  III. 


TABLE  TV 


DIFFUSION  COEFFICIENTS  OF  MERC  APT  MS  IN  70:30  ETHANOL-WATER  MIXTURES 
CONTAINING  0.1N  ACETIC  ACID,  0.05N  SODIUM  ACETATE.  Temperature  25°C  ±  0. 


Mercaptan 

D  (cm.2/sec. 

.)  X  105 

h2s 

0.94 

+ 

0.07 

n- ethyl 

0.82 

+ 

0.19 

n-propyl 

0.42 

t 

0.07 

n-butyl 

0.39 

+ 

0.02 

tert -butyl 

0.34 

t 

0.04 

n-hexyl 

0.26 

+ 

0.01 

n-octyl 

0.23 

+ 

0.01 

sec-octyl 

0.20 

± 

0.01 

n-decyl 

0.20 

+ 

0.01 

n-dodecyl 

0.17 

+ 

0.02 

sec-dodecyl 

0.14 

t 

0.01 

n-tetradecyl 

0.15 

+ 

0.01 

n-hexadecyl 

0.13 

+ 

0.02 

n-octadecyl 

0.12 

+ 

0.02 

The  diffusion  coefficient  values  of  Table  IV  are  distinctly 
lower  than  those  obtained  by  Mottus  (5),  Table  I.  A  considerable 
amount  of  time  was  spent  in  checking  the  experimental  technique  and 
every  precaution  was  taken  to  ensure  that  the  same  conditions  of  the 
previous  worker  (5)  were  used.  As  far  as  can  be  determined,  at 
present,  the  diffusion  coefficient  values  obtained  by  the  author 
are  not  in  error. 

Due  to  the  limited  solubility  of  the  higher  molecular  weight 
mercaptans  in  water,  the  diffusion  coefficients  were  determined  in 
ethanol-water  mixtures.  The  object  of  this  research  was  to  determine 
the  diffusion  coefficients  of  mercaptans  with  water  as  the  solvent. 
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Therefore  the  ratio,  ,  where  D(HpO)  is  the  diffusion 

D(ET0H:H20) 

coefficient  of  the  mercaptan  in  pure  water  and  D(ET0H:H20)  is  the 
diffusion  coefficient  of  the  mercaptan  in  ethanol -water  mixtures, 
which  was  determined  by  Mottus  (5),  was  applied  to  the  diffusion 
coefficients  of  the  mercaptans  in  ethanol-water  mixtures.  This  gave 
values  of  the  diffusion  coefficients  of  mercaptans  in  pure  water  as 
solvent.  Table  V  shows  the  calculated  diffusion  coefficient  values 
of  mercaptans  on  the  basis  of  pure  water  as  the  solvent  using  this 
ratio.  Column  nan  shows  the  calculated  diffusion  coefficient  values 
from  the  author1 s  work  and  column  ubn  shows  the  calculated  diffusion 
coefficient  values  of  Mottus  (5). 

TABLE  V 

CALCULATED  DIFFUSION  COEFFICIENTS  OF  MERCAPTANS  IN  PURE  WATER  SOLUTIONS 

(D  in  units  of  cm. 2/sec.) 

Mercaptan  D(H20)  (a)  D(H20)  (b) 


1.  h2s 

1.4 

2.  n- ethyl 

1.2 

3.  n-propyl 

0.62 

4.  n-butyl 

0.58 

1.1 

5.  tert-butyl 

0.51 

6.  n- hexyl 

0.40 

0.99 

7.  n-octyl 

0.34 

0.81 

8.  sec -octyl 

0.29 

9.  n-decyl 

0.30 

0.79 

10.  n-dodecyl 

0.25 

0.79 

11.  sec-dodecyl 

0.20 

12.  n-tetradecyl 

0.22 

0.78 

13.  n-hexadecyl 

0.20 

0.66 

14.  n-octadecyl 

0.18 

0.53 

A  number  of  attempts  were  made  to  establish  a  relationship 
between  the  increasing  molecular  weight  of  the  mercaptan  and  the 
decreasing  diffusion  coefficient  values.  The  best  straight  line 
relationship  between  these  quantities  is  that  shown  in  Figure  8. 

The  points  were  obtained  from  the  diffusion  coefficient  data  of 
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Table  V,  column  "a,? ,  by  plotting  log  D  vs.  log  M  where  D  is  the 
diffusion  coefficient  of  the  mercaptan  and  M  is  the  molecular  weight. 

The  variation  in  the  size  of  the  circles  indicates  the  average  deviation 
from  the  mean  for  the  diffusion  coefficient  of  the  particular  mercaptan. 
The  numbers  by  each  circle  correspond  to  those  of  the  first  column  of 
Table  V. 

Combining  Stokes-Einstein  equation  (c)  with  the  following 

equation 

M  =  (q) 


where  M  is  the  molecular  weight 

r  is  the  radius  of  the  molecules 
N  is  Avogadro 1 s  number 
d  is  the  density  of  the  substance 
the  following  equation  is  obtained 


(r) 


D  = 

I  6^rj(3M)i/3 

Introducing  the  numerical  values,  R  =  8.315  x  10?  ergs  deg.”^-, 


T  =  298° A  (25°C),  and  N  =  6.03  x  10^3 ?  and  combining  all  the  numerical 
constants  into  a  single  term  we  have 


D 


2.96  x  10“7 


em.2  sec.”^-  at  25°C 


(s) 


w  here  Vm  is  the  apparent  molar  volume  of  the  substance  in  pure  solid 
state  (mdl.  wt.  /  density) .  Using  the  viscosity  coefficient  of  pure 
water  at  25°C  (8.93  x  10“3  dyne  sec.  cm. “2),  the  diffusion  coefficient 
of  the  substance  at  infinite  dilution  in  aqueous  solution  at  25°G 
would  be 


D 


x  10-5 


cm.^  sec 


(P 


Using  equation  (t)  the  following  diffusion  coefficient 


values  that  obtained  for  butyl,  decyl  and  tetradecyl  mercaptan  are 
0.70  x  10"^  0.55  x,10“5,  and  0.54  x  10“5  respectively. 

Comparing  the  calculated  diffusion  coefficient  values  of 
mercaptan  using  the  Stokes1  Einstein  equation  with  the  calculated 
diffusion  coefficient  values  in  Table  IV  indicates  a  closer  agreement 
with  Mottus'  results  than  with  the  author’s  results. 

Substituting  the  known  diffusion  coefficient  values  of 
iso-butyl  alcohol  (13)  in  Stoke s-Ein stein  equation  the  results  had 
indicated  the  calculated  values  (0.73  x  10“5)  were  lower  than  the 
experimentally  measured  values  (0.77  x  10~5) .  This  would  mean  that 
the  actual  values  of  the  diffusion  coefficient  when  calculated  by 
the  Stokes -Sin stein  equation  would  be  higher. 


SUMARY 


The  diffusion  coefficients  of  various  mercaptans  were  measured 
in  alcohol-water  mixtures  and  calculated  for  diffusivity  in  water. 

The  diffusion  coefficient  values  of  the  secondary  and  tertiary  mer¬ 
captans  were  found  to  be  lower  than  those  of  the  corresponding  primary 
mercaptan.  The  results  obtained  in  cm. 2  sec#-l  x  10"5  are  as  follows: 
hydrogen  sulfide  0.94;  n-ethyl  0.82;  n-propyl  0.42;  n-butyl  0.39; 
tert-butyl  0.34;  n-hexyl  0.26;  n-octyl  0.23;  sec-octyl  0.20; 
n-decyl  0.20;  n-dodecyl  0.17;  sec-dodecyl  0.14;  n-tetradecyl  0.15; 
n-hexadecvl  0.13;  n-octadecyl  0.12. 

The  effect  of  pH  variation  on  the  diffusion  values  of  hydrogen 
sulfide  indicated  that  the  diffusion  coefficient  increases  with 
decreasing  pH. 

Small  errors  in  the  measurement  of  the  diffusion  current 
and  in'  the  measurement  of  the  concentration  of  the  mercaptan  make 
relative  large  differences  in  the  calculated  values  of  the  diffusion 
coefficient. 

No  explanation  has  been  presented  for  this  lack  of  agreement 

between  Mottus’  (5)  diffusion  coefficient  values  and  the  author’s 

diffusion  coefficient  values,  although  it  has  been  suggested  that  the 

ratio,  D(H20)  ,  be  determined  by  the  author  and  the  diffusion 

D(ET0H:H20) 

coefficient  values  of  mercaptan  with  pure  water  as  the  solvent  be 
calculated  from  this  ratio. 
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